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Annual  P  export  is  a  func2on  of  storm  size
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Stormflow 

Baseflow 

70% 

30% 

Pionke et al., 1996 (Water Resources Research) 

July,	  2011	  

Baseflow	  –	  90%	  of	  flows	  

September,	  2011	  
Flooding	  from	  Tropical	  Storm	  Lee	  

Stormflow	  –	  10%	  of	  flows	  

WE-‐38	  watershed	  
Klingerstown,	  PA	  
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Karl et al., 2009; US National Climate Assessment, 2014 

The  character  of  large  storms  is  changing
especially  in  the  Northeastern  United  States

Extreme	  rains	  rose	  by	  
71%	  from	  1958	  to	  
2012,	  faster	  than	  any	  
other	  region	  in	  the	  US.	  	  

Northeast	  



Maximum  daily  rainfall  is  rising  in  the  fall
In  WE-‐38,  the  trend  is  significant  from  1968  through  2012
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Lu et al., 2015 (Journal of Hydrology: Regional Studies) 

Fall	  maximum	  daily	  rainfall	  
+5.3	  mm	  d-‐1	  decade-‐1	  

1968	  to	  2012	  

Fall	  maximum	  daily	  rainfall	  
+2.9	  mm	  d-‐1	  decade-‐1	  

1968	  to	  2016	  

What	  is	  the	  role	  of	  extreme	  rainfall	  in	  runoff	  
genera2on	  and	  P	  loss	  from	  small	  basins?	  

Extreme	  
rainfall	  

Runoff	  and	  	  
P	  loss	  
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WE-‐38	  Watershed	  (7.3	  km2)	  

Quan2fying  P  losses  in  watershed  runoff
The  MaGern  study

Majern	  (11	  ha)	  

Syracuse,	  NY	  
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The  Ma?ern  watershed
An  11-‐ha  headwater  agricultural  basin

Buda et al., 2009 (Hydrological Processes) 



Buda et al., 2009 (Hydrological Processes) 
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Fragipan  soils  and  runoff  genera2on

Buda et al., 2009 (Hydrological Processes) 
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SeBng  the  stage  for  Tropical  Storm  Lee
Dry  condiKons  prevailed  unKl  Irene  delivered  116  mm  of  rain
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Synop2c  meteorology  of  Tropical  Storm  Lee
a  predecessor  rain  event  enhanced  by  two  atmospheric  rivers

September	  4,	  2011	  

Hurricane	  Ka2a	  

Tropical	  Storm	  Lee	  
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ClimateReanalyzer.org; Gitro et al., 2014 (J. Operational Meteorology) 



Rainfall (in) 
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Tropical  Storm  Lee  (September  7-‐8,  2011)
extreme  rains  on  wet  soils  yielded  4th  highest  peak  flow  since  1968

Mahantango	  Creek	  
	  

National Weather Service GIS Portal 

Storm	  total	  rainfall	  

303	  mm	  in	  four	  days	  

Peak	  daily	  flow	  

7200	  L	  s-‐1	  
*fourth	  highest	  since	  1968	  



NOAA Atlas 14 Precipitation Frequency Data Server 

Tropical  Storm  Lee’s  rainfall  was  extreme
An  average  recurrence  interval  of  once  every  300  years

Average	  recurrence	  interval	  (years)	  
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Hydrologic  response  from  Lee’s  rainfall
extreme  rains  enhanced  saturaKon  excess  runoff  processes
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Extreme  rainfall  was  only  half  the  story
wet  antecedent  condiKons  exacerbated  runoff  from  Lee
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High  P  soils  represent  a  P  source  to  runoff
key  factor  is  the  hydrological  connecKvity  with  P  source  areas



Mehlich-‐3	  soil	  P	  (mg/kg)	  
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The  contribu2ng  area  for  Irene  was  small
only  0.4%  of  watershed  was  likely  generaKng  runoff  and  P  loss



Mehlich-‐3	  soil	  P	  (mg/kg)	  
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The  contribu2ng  area  for  Lee  was  larger
as  much  as  28%  of  the  watershed  generated  runoff  and  P  loss  



P  loss  from  Tropical  Storm  Lee  was  profound
Lee  contributed  significantly  to  2011  and  decadal  P  loss

Lee	  	  

2011	  	  

2007-‐2016	  	  

Tropical	  Storm	  Lee	  accounted	  for	  63%	  
of	  the	  P	  loss	  in	  2011.	  

Tropical	  Storm	  Lee	  accounted	  for	  21%	  
of	  the	  P	  loss	  over	  the	  past	  decade.	  
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P  loss  pa?erns  in  the  Susquehanna  
Annual  and  decadal  P  loss  trends  mirrored  those  in  MaGern

Conowingo dam 

Hirsch, 2012; USGS, 2012 



Longer	  dry	  spells	  

More	  than	  80%	  of	  climate	  
models	  suggest	  that	  successive	  
dry	  days	  will	  rise	  by	  5	  to	  10%.	  	  

Change	  in	  max	  consecu2ve	  dry	  days	  (%)	  

Wejer	  winters	  

Annual	  precipita2on	  is	  likely	  to	  
increase	  by	  10	  to	  20%,	  mainly	  
during	  the	  winter	  season.	  	  

Will  we  see  more  Lees  in  the  future?
depends  on  alignment  of  basin  wetness  and  extreme  rainfall  trends

US National Climate Assessment, 2014 
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